
w 3, 1953 

Dear Luca: 

I heve been able to make a hasty review of your draft. As you say, the 
writing is very rough, but I have no qualm&s about your ability to write 
excellent English prose (via. your WHO paper). While I would welcome an op- 
portunity to go over the tinal paper, do not he3iLat.e to submit it at your 
own judgment if necessary. I have a little difficulty in viewing the paper 
as a whole, and my comment3 now are on particulars. 

p. 1: the term genetic adaptation is satisfactory and simple; I would think 
llpre-adaptationfl was more expressive if coupled with your explanations. In 
fact, one may contrast genetic pre-adaptation with genetic and phyeialogical 
post-adaptations respectively. 

p* 2: I think too much weight is given (as an immediate response, no doubt1 @  
Y$udkin's position. I think it can be expressed as an attempt to obliterate the 
distinctions by postulating so unstable a genotype that ge~&k, local changes 
could not be perceived. I would give it the stat&s of an ad hoc compromise, rather 
than equal weight with I and III. Your comment on II and III as oversimplifica- 
tions would be a good introduction to the necessbity for detailed analysis: 
tVIII can also be phrased in terms which would include the pre-adaptation theory. 
If the population is studied as a whole, and no attempt made to resolve its elements, 
the enzyme balanae 0: the mass will doubtless be found to show adaptive adjustments 
of the kind subs-d under this hypothesis. For an underatedding of the genetic 
basis of such changes, howver, we must examine the adaptive responses 
of individual cells, and we shall that the apparently directed, postadaptations 
of whole populations are best interpreted in terns of pre-adaptive changes of 
small numbers of its constituent cells. 

p.2 bottom or intra- vs. inter-clonal variation 

p.3 The suggested figure is an excellent idea. However, I would di3tinguUh 
lA and 1B vs. 2A and 2B (instead of l,2,3, 4) to make later reference easier. 
It should be p&n- pointed out that, with reference to survival in presence of 
drug, IA and B are not meaningfully different, but that other criteria may ulti- 
mately be found by which they can be distingusihed (elg. responses to much higher 
levels of drug). Eagle's work would be put on p.3, if anywhere, as a possible 
case a;-Jproaching 8. I would ignore Sevag, as gibberish. Instead of 7idi3tinction 
between models 3 and 4 may seem possible", elementary. 

p.3 Clonal appearance of mutants: pedigree- along lines of 'Zelle's study of 
smooth-rough variation in Salmonella typhimurium (J. Inf. Bis. 71:131-152 1942) 

P-4 Rhy not %ariance analysis", and a %rude variance analysisV1 in place of 
"fluctuation test" 

I would @ tsay "fully vi-ted by" --*subject to* is a sufficient criticism. 

13 not the denial of a PoSsson distribution seimply a formal satement of 
Hinshelwood's objection? In con&ructing the Poisson series, one does not 
have to postulate an equal a priori probablity, but sFrnply a low probability 
and one that is independent of neighbours (environmental effects) and sibs 
(heritable). 1.E ., when I sample the populations, I have no conuern for the 
a priori probabilities, but need only conaider the result. 'Jith large bumbers 
of cells, and a low expectation per trial, can one not ignore the a priori 
probabilities and simply consider the total successes/1 total trials? I am 
not expressing this very well, and may perhaps be wrong in w thinking (of 
which I must do some mre on this question). There has been no discussion of 
this in the presehO cdntext [perhaps becuase of the considerationrgiven], but 



there is sorasthing very much like it in the discussion of mechanisms of 
exponential disinfection: See Irwin, 1942 J HYg. 422328; Chick 1930 in 
Brit. M.R.C.: System of Bacteriology, and discussion by Topley&Wilson, 
Print. Bacteriology & Imnunity,1946ed. p.140. I do not believe there has 
been a serious attempt to combine the stochastic and distributional approaches, 
as a realistic theory perhaps should try. 

AM May 4 After a night's relaxation, I am fairly sure that my objection is correct. 
The ~~fluctuation test" is a comparison of intra- and inter-culture variances. 
In the absence of some correlating factor (heredity or environment) these variances 
should be the same. The problem would then reduce to the question of a non- 
Poissonian distribution of samples from the same culture. It is beyond the immedmate 
limits of my -n&its to devise a distribution of cells from which properly 
drawn sample3 will show other than sampling error. If a non-Poisson distribution 
were found, we would tidiately suspect either the sampling process, or the assay 
method as the source of the heterogeneity. One would, I presume, get a negative 
binomial distribution r6f the sampbee+~~ sample sizes were not t&form#, but 
distributed in a logarithmic series. However, one can get a negative binomial out 
of almost any data, since one has an extra parameter. I do not propose that this 
analysis ms incorrect, but only that it is a restatement of the others, 

I am a weak biometrician, and perhaps for this reason I am always suspicious 
ofvthe generality of any biometric test. (This applies to kinetics as well). One 
can often disqualify the n@.l hypothesis, but it is often difficult to predict 
whether a major or a trivial modification of the null hypothesis will be needed. 
The present discussion (i.e. of Luria&Delbruck)is an excellent example. 

To return to p.4: I do not think Newcombe's method should be discussed at all 
as a fluctuation test, since it is not the variance that is important, but the 
more direct demonstration of statistical clones. Of course the spread plates 
will show a high variance, and the unspread a low one, but ie it is not the 
difference in variance, but the difference in mean, which is emphasized.OThis is 
unimportant). I do not see that the objection can be taken very seriously (effect 
of spreading): the inoculum is so large that there is a confluent growth whether 
or not the plate is respread, although I suppose there is still soms local inhome 
geneity. Would it helped the argument to have added the phage first, and respread 
after, perhaps, 20 minutes when the eees sensitive cells can be shown to be already 
doomed? My only reservation to this proof is that it still relies on a statis- 
tical demonstration of the clones, and does not isolate them as such. 

p5:Unless we are referring to different work, Law(Nature 4/12/52),as I recall, 
studied resistance in vivo, and showed that a cluster of resistant cells occurred 
in one line of an unselected tumor. My memory may not be right. 

ti. I would prefer not to describe the other me&hods summarized here as "indirect 
selectionll, although this would be perfectly legitimate. Sib selection would have 
beed perhaps a better mrne for the replica-plating result. POI$ the present, 
could you write t8Drug-res&sLent variant3 have also been y selection for 
correlated characters . . . . 

-"I 
in Qeabsense of the drug1 

Should one add here experiments which might be done based on the linear accumulation 
of mutants in the chemostat (Novick and Szilard?). Unfortunately, there is very 
little with drug resistance along this line, Bryson and Szybalski having disregarded 
this opportunityj to use their turbidostat. 

p.7 I am greatly disappointed that Roger Stantir should have quoted this work 
of Doudoroff's in the present context. If one considers that the toxic stimulus is 
not salt concentrattion, but rapid change in salt concentration, there is no 
meaningful physiological adaptation at all. This has been borne out more recently 
by Anlerson's experiments on osmotic shock with phage (Ann Inat Pasteur Jan. 53). 
It is doubtful whether a free phage particle could be thought of as using an adaptive 



mechanism. I would either leave out this reference, or#explain the detailed interpretation. 

To 7, after Dauermodifikationen, I would add: Some caution must be exercised in postu- 
lating similar mechanisms for bacteria, etc.* It is important to keep in *mind that 
the distindtive feature of Dzasrmod., the gradual loss of resistance on later cultivation 
. . . . is here a property of individual lines of descent, and that experiments of a similar 
sort but based on tiresolved populations may reflect a gradual change of the population, 
but a lumen, discrete rotational change in a few individuals subsequently selected# But 
Rerhaps you make this point sufficiently later on. 

p7 bottoti I would prefer you p94 quote my very casual experimsnt with chloraminobenzoate 
(Strandskov) since Demerec' dublished statament is available. If you like, you can quote 
my review as dealing with the general question. 

p8 I would put Eagle in after Baskett on p.7 with the proviso that no test was made of 
the heritability of the adaptation. In fact, Doudoroff's case can be used as a good 
where two mechanism3 are operating (though the physiological can be v&ewed as either 

example 

simple or spurious), as may well be the case also with Eagle, and a good deal of Hinshel- 
wood's material. 

p8: @rect genetic effects.... I am rather fond of this section, and pleased you are 
able to work it in. Rould it be better to put Dauermodifikationen after thdg, instead 
of as above? 

p9:line 32 *of mating between compatible Pells* instead of fusion.... I muld omit 
sentence on inhcrritsnce of F+, but if you like the Jw paper can be inserted as an 
addnl. reference for the whole story. Lwoff will not like expression ltlyogenic phage"-- 
I don't csre. temperate may do as well. In fact, "lytic" phage will also transduce, if 
the recipient is protected by previous infection with the temperate. 

p 10. middle on Sr...: Excelleht! 

11: azide: but AZ? x ST has been used. 

13: I had forgotten about colicin as an antibiotic. I think it would be worth while 
to say two or three lines, expecially about the qualitative specificyt og the different 
resistance types in recombination tests. Almost anything is a modified phage these 
days; I shouldn't be surprised if strsptomycin is claimed to be such sometti!d 

13: Tatum long ago worked opt the inhibition of strain K-12 by Valine, and its antago- 
nism b# isoleucine (a better statement than comlete medium ), had isolated valine-resis- 
tant mutants and done just a few crossing experiments with them. Unfortunately, I do not 
have the details, and doubt if they have been published. One locus was found, I think, to 
the right of TL but I haven't heard anyjd more about it in 5 years. Probably, it would be 
better not to quote any of this without a reference, but for my own curiosity I will 
question Tatum about it. 

13: In Salmonella Sr transduction ca 1004000X control. 

I am very much disturbed by the repeated citat$Qh of the pneumococcus transformation 
as an example of directed mutation, by way of a justification of drug-induced adaptations 
(cf. the Sggd symposium; Hobby in Bact. Revs. March 1953; originall$ perhaps largely due to 
Dobzhansky: see Amer. Natur. 87~123, v. recently, as wsll as his book). For this reason, 
as much emphasis as possible should be given to the pn.tr. as a me species of genetic 
transfer. I think this is already implicit in your discussion; I do not know whether more 
should beput in in the beginning. 

15: -Hughes- OK. C&ri critique of technique should perhaps be tined down, but nof excised. 
Could SOIW of his variations have occurred in subsequeht clones to the initial isomon? 
16: I am not sure $r( I understand the Ias@ 6 lines. Have you noticed Sr reversion to S* 
in N-1177? \4as it not before there were only 3% Sr that you noticed a discrepancy in 



counts with and without sn? iDon% put this in paper, but repliaa-pfrating is of cpurse 
ideally suited to finding this kind of nnrtanti Have you tudied such reversions genetical- 
ly? One could add that $7 Sr grades continuouslyti into S % ; it would be worth seeing 
whether a small amount of streptomycin would accelerate the growth rate. If so, there 
would be no special point to studying reversion to 

cl ' typical Sd would give a more direct answer. 
in the difficult case, when more 

&see S has been measured in several 
cases (Demerec; Bert&h; Catlir$/ 

-+Ss 
and, I think, Newcombe). 

17 P2: This is a very important paragraph. I fully agree with your conclusions. The 
emphasis might be that we should by no msans ignore the more difficult cases, but that 
it has not been shown that any of these are in fundamental contradiction with the genetic 
theory. I think it is questionable whether extra-nuclear effects play an appreciable 
rule in adaptations of the protozoa. One tends to emphasize the unique. 

18 blenorrhage = gonorrhea?. I do not think we have to quote specific cases, but 
this depends on whethsr drug-resistance will be considered at the sympoisum from any 
other viewpoints. 

18-17 In the April 1953 Jour. Bact. norton and KlMn hhve an extensive discussion of 
synergism (which they cl&n is always gene+& [and I think doubtful]) ?nd EM+&- 
antagonism (always, of courseI physic~logical.). Unless you know of an earlier paper 
of theirs k7 qu,uote on the same theme, I think it kvould be best to regard this as 
coming too late. 

This has all the m&i@3 of an interesting wtrk, Luca, aid I WL snly sorry that 6~' 
many circumstances impose this rush. Perhaps we should, after completing this, underaake 
to do a more thorough job together. Rut let us postpone discussion of it untile we can 
do so in person. 

Back to p. 5: in Dittrich'a expt: membrane filters/ cellophane sheets. 
In second paragraph, the wording is especially difficult. I suggest: 

"Another approach, based on clonal appe%peffee occurrence of resistant mutants, depends 
on secondary differences aometimss observed among $$.ff$$#$$ independent mutations for 
resistance to the saLme drug.,+ If resis+ats appear in clones, such differences....!! 

You will have noticed a minor arror at ths heading of one of our tables (z should be 

+ or = L forget which. It can bs corrected easily in reprints; perhaps you should 
not& &titc&s to include it in Corrigenda. In view of the symmetry of the table, it 
should confuse no one who goes ss far as to dtudy it. 

alas, hastily, 


